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eMethods 

 

Ebola Virus (EBOV) Antibody Enzyme-Linked Immunosorbent Assay (ELISA).  

Levels of EBOV-specific binding antibodies in serum were measured by indirect antigen-

capture ELISA using recombinant EBOV glycoprotein (GP; Mayinga strain) minus the 

trans-membrane region (IBT Bioservices, Cat# 0501-015) as the antigen target.  

Antibody response against Ebola VP40 matrix protein was evaluated in a similar ELISA 

using recombinant EBOV VP40 matrix protein produced by a recombinant baculovirus in 

insect cells.1  End-point titers of specific IgM or IgG were calculated as the most dilute 

serum concentration that gave an optical density reading of >0.2 above background.2  

 

T Cell and B Cell Assays.  Cryopreserved PBMCs were evaluated with multicolor flow 

cytometry for phenotyping of activated T cells and plasmablasts (antibody-secreting cells 

[ASCs]).  Activated T cells were defined by co-expression of CD38 and HLA-DR on 

CD4+ or CD8+ T cells, separately.3,4  Total B lymphocytes were gated as CD3-/ 

CD20+/CD19+ cells and plasmablasts are plotted as the percentage of CD27hi/CD38hi 

cells among total B lymphocytes.  The ASCs are CD3-/CD20-/low/ CD19+/CD27hi/CD38hi 

cells5.  The gating strategy utilized for identification of activated T cells and plasmablasts 

is provided in Supplemental Figure S1.  Peripheral blood antigen-specific T cell 

responses were measured by intracellular cytokine staining using 15-mer peptides 

spanning the open reading frames for the gene encoding Zaire EBOV GP (Kikwit strain) 

to stimulate PBMCs overnight.  The VSV∆G-ZEBOV vaccine encodes the Zaire EBOV 

GP from the Kikwit strain.   Cytokine-positive cells were defined as a percentage within 

CD4+ or CD8+ T cells that produced IFN-� ,IL-2, and/or TNF-α.6,7.  

 

Real-time reverse transcription polymerase chain reaction (rRT-PCR) assay.  Zaire 
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Ebola virus glycoprotein (GP) RNA was detected with the EZ1 rRT-PCR; and Ebola 

nucleoprotein (NP) RNA was detected with an NP-specific rRT-PCR using the methods 

as previously described 8,9.  rVSV detection was done by rRT-PCR targeting VSV 

nucleoprotein (N) based on a previously published protocol9 using a different primer set 

(forward primer: CGGAGGATTGACGACTAATGC; reverse primer: 

CGAGCCATTCGACCACATC). These assays were performed using Applied 

Biosystems 7500 Fast Dx Real-Time PCR Instrument or ABI 7500 Real-Time PCR 

Instrument (Thermo Fisher Scientific Inc., Grand Island, NY) according to manufacturers’ 

operating instructions and assay conditions described in the original literature.  The 

EBOV GP assay is approved by the US Food and Drug Administration (FDA) under an 

Emergency Use Authorization (EUA).10    

 

Detection of Plasma Cytokines.  Human 63-plex cytokine kits were purchased from 

eBiosciences/Affymetrix for Luminex assays and used according to the manufacturer’s 

recommendations with modifications.  Beads were added to a 96-well plate and washed 

in a Biotek ELx405 washer. Samples were added to the plate containing the mixed 

antibody-linked beads and incubated at room temperature for 1 hour followed by 

overnight incubation at 4°C.  Cold and room temperature incubation steps were 

performed on an orbital shaker at 500-600 rpm.  Following the overnight incubation 

plates were washed in a Biotek ELx405 washer and then biotinylated detection antibody 

added for 75 minutes at room temperature with shaking. Plates were washed again as 

above and streptavidin-PE was added. After incubation for 30 minutes at room 

temperature, wash was performed as above and reading buffer was added to the wells. 

Each sample was measured in duplicate. Plates were read using a Luminex 200 

instrument with a lower bound of 50 beads per sample per cytokine. Custom assay 

Control beads by Radix Biosolutions were added to all wells.  The heat-map of the fold 
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change of cytokines, chemokines and growth factors in plasma was constructed in Excel 

using a 3-color scale (Microsoft Office 2011). 

 

  



	

©	2015	American	Medical	Association.	All	rights	reserved.	

eReferences 
	
	
1.	 Sun	Y,	Carrion	R,	Jr.,	Ye	L,	et	al.	Protection	against	lethal	challenge	by	Ebola	

virus‐like	particles	produced	in	insect	cells.	Virology.	Jan	5	2009;383(1):12‐
21.	

2.	 Swenson	DL,	Wang	D,	Luo	M,	et	al.	Vaccine	to	confer	to	nonhuman	primates	
complete	protection	against	multistrain	Ebola	and	Marburg	virus	infections.	
Clin	Vaccine	Immunol.	Mar	2008;15(3):460‐467.	

3.	 Miller	JD,	van	der	Most	RG,	Akondy	RS,	et	al.	Human	effector	and	memory	
CD8+	T	cell	responses	to	smallpox	and	yellow	fever	vaccines.	Immunity.	May	
2008;28(5):710‐722.	

4.	 Edupuganti	S,	Eidex	RB,	Keyserling	H,	et	al.	A	randomized,	double‐blind,	
controlled	trial	of	the	17D	yellow	fever	virus	vaccine	given	in	combination	
with	immune	globulin	or	placebo:	comparative	viremia	and	immunogenicity.	
Am	J	Trop	Med	Hyg.	Jan	2013;88(1):172‐177.	

5.	 Wrammert	J,	Smith	K,	Miller	J,	et	al.	Rapid	cloning	of	high‐affinity	human	
monoclonal	antibodies	against	influenza	virus.	Nature.	May	29	
2008;453(7195):667‐671.	

6.	 Stanley	DA,	Honko	AN,	Asiedu	C,	et	al.	Chimpanzee	adenovirus	vaccine	
generates	acute	and	durable	protective	immunity	against	ebolavirus	
challenge.	Nature	medicine.	Oct	2014;20(10):1126‐1129.	

7.	 Goepfert	PA,	Elizaga	ML,	Seaton	K,	et	al.	Specificity	and	6‐month	durability	of	
immune	responses	induced	by	DNA	and	recombinant	modified	vaccinia	
Ankara	vaccines	expressing	HIV‐1	virus‐like	particles.	J	Infect	Dis.	Jul	1	
2014;210(1):99‐110.	

8.	 Trombley	AR,	Wachter	L,	Garrison	J,	et	al.	Comprehensive	panel	of	real‐time	
TaqMan	polymerase	chain	reaction	assays	for	detection	and	absolute	
quantification	of	filoviruses,	arenaviruses,	and	New	World	hantaviruses.	Am	J	
Trop	Med	Hyg.	May	2010;82(5):954‐960.	

9.	 Gunther	S,	Feldmann	H,	Geisbert	TW,	et	al.	Management	of	accidental	
exposure	to	Ebola	virus	in	the	biosafety	level	4	laboratory,	Hamburg,	
Germany.	J	Infect	Dis.	Nov	2011;204	Suppl	3:S785‐790.	

10.	 U.S.	Food	and	Drug	Administration.	Authorization	of	Emergency	Use	of	an	In	
Vitro	Diagnostic	Device	for	Detection	of	Ebola	Zaire	Virus;	Availability.	79	
Fed.	Reg.	55804	(September	17,	2014).	

	
	 	



	

©	2015	American	Medical	Association.	All	rights	reserved.	

eTable.  Absolute Levels for 63 Plasma Cytokines, Chemokines, and Growth Factors 

 

Cytokine   Day  2  4  9  17  34 

Irrelevant 
Control 
Plasma  

IL‐17F     1.48  1.04  1.08  1.52  1.27  1.14 

sFAS     <2.31  <2.31  <2.31  <2.31  <2.31  18.59 

TGF‐a     3.76  1.42  1.13  1.5  1.11  7.17 

MIP‐1a     13.55  1.09  0.73  2.44  <0.60  12.53 

SDF‐1a     258.03  125.32  131.13  159.01  181.04  330.84 

IL‐27     65.89  15.65  6.94  12.48  <3.09  80.89 

LIF     12.77  7.27  7.04  10  5.99  10.06 

IL‐1b     3.31  1.34  1.16  1.47  0.27  3.86 

IL‐2     30.99  19.6  18.58  24.37  16.84  33.13 

IL‐4     36.82  16.37  16.59  18.56  14.25  34.04 

IL‐5     <0.96  <0.96  <0.96  <0.96  <0.96  <0.96 

IP‐10     254.06  28.53  19.56  14.22  6.06  23.78 

IL‐6     <0.55  <0.55  <0.55  <0.55  <0.55  53.5 

IL‐7     7.42  7.45  5.23  2.61  2.34  4.19 

IL‐8     <0.12  <0.12  <0.12  <0.12  <0.12  0.7 

IL‐10     7.27  4.22  3.89  5.1  2.11  6.77 

PIGF‐1     <1.06  <1.06  <1.06  <1.06  <1.06  5.4 

IFN‐b     36.36  19.94  19.17  28.23  21.97  24.66 

EOTAXIN     102.14  53.97  59.93  47.48  57.57  21.78 

IL‐12P70     1.69  0.93  0.85  0.77  0.58  1.92 

IL‐13     1.89  <0.08  <0.08  <0.08  <0.08  3.83 

IL‐17A     9.62  4.97  4.63  5.85  1.97  9.88 

IL‐31     <18.38  <18.38  <18.38  <18.38  <18.38  64.57 

IL‐1RA     3451.25  <37.62  <37.62  <37.62  <37.62  <37.62 

SCF     5.08  4.34  4.34  3.58  3.89  14.84 

RANTES     63.62  48.83  52.58  25.34  15.68  151.83 

IFN‐g     18.56  9.6  9.61  9.45  5.91  14.93 

GM‐CSF     2158.4  921.05  817.32  716.56  521.02  1512.58 

TNF‐a     77.16  75.22  75.56  78.92  83.44  75.39 

HGF     199.41  110.35  106.27  127.32  102.35  107.91 

MIP‐1b     79.38  <2.86  <2.86  3.41  <2.86  102.06 

IFN‐a     16  4.66  4.66  4.19  2.47  8.24 

TGF‐b     6.15  1.81  1.54  0.84  <0.25  7.57 

MCP‐1     11.6  3.12  2.2  1.77  1.96  2.47 

IL‐9     <5.65  <5.65  <5.65  <5.65  <5.65  <5.65 
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VEGF‐D     2.23  1.31  1.32  0.44  <0.28  10.33 

TNF‐b     <0.38  <0.38  <0.38  <0.38  <0.38  <0.38 

bNGF     19.95  12.58  11.26  15.63  6.53  19.37 

EGF     1.51  0.56  0.14  <0.04  <0.04  1.57 

BDNF     65.55  76.47  54.58  24.67  32.15  43.08 

TRAIL     59.49  7.13  11.02  18.07  6.56  160.19 

G‐CSF     60.44  29.13  27.61  29.19  22.93  46.9 

GROa     <1.32  <1.32  <1.32  <1.32  <1.32  2.53 

IL‐1a     <0.03  <0.03  <0.03  <0.03  <0.03  2.02 

IL‐23     <1.14  <1.14  <1.14  <1.14  <1.14  280.22 

IL‐12P40     12.28  5.28  5.51  5.91  4.85  5.03 

IL‐15     23.26  15.04  15.2  15.5  8.87  21.87 

IL‐18     63.32  32.75  29.23  20.58  15.88  57.87 

M‐CSF     <21.26  <21.26  <21.26  <21.26  <21.26  66.35 

MCP‐3     34.09  19.77  21.77  22.66  15.27  36.8 

MIG     116.94  48.44  43.24  51.03  29.88  90.65 

RESISTIN     2169.11  882.64  883.12  1044.29  1040.78  1797.87 

IL‐21     <6.86  <6.86  <6.86  <6.86  <6.86  51.06 

sICAM‐1     2873.88  1288.51  1352.51  1511.39  1383.53  438.41 

sVCAM‐
1     18321.17  14333.65 21242.87 27445.4  32069.94  24312.58 

FGF‐2     <4.96  <4.96  <4.96  <4.96  <4.96  46.07 

IL‐22     197.41  88.68  51.37  137.2  15.4  187.74 

PDGF‐BB     152.83  106.79  67.24  24.24  29.07  131.28 

VEGF‐A     86.41  18.9  22.79  17.07  12.28  111.3 

LEPTIN     1168.41  564.41  490.06  382.1  276.88  1555.23 

PAI‐1     3267.75  3342.01  3740.43  3166.38  4289.22  2968.45 

sCD40L     29.66  11  9.13  16.18  9.6  36.21 

ENA78     <8.06  <8.06  <8.06  <8.06  <8.06  71.33 

 
The numbers presented in the table are the detected protein absolute levels in pg/ml for 
days 2, 4, 9, 17 and 34.  Pre-vaccination plasma was unavailable, thus the day 34 levels 
may serve as a best available baseline.  Also, plasma from an irrelevant normal control 
was evaluated (the far right column, blue highlight).  Some of these plasma proteins may 
have been down regulated in response to the vaccine, but this is unknown since pre‐
vaccination plasma was unavailable. 
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eFigure. Gating strategies  
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Representative dot plots from cryopreserved peripheral blood mononuclear cells 

showing gating strategies to identify:  (A) activated (HLA-DR+CD38+) T cells.  Single 

cells were selected for analysis on the basis of forward scatter area and height 

characteristics (FSC-A and FSC-H).  Live lymphocytes were then identified by FSC-A 

and side scatter area (SSC-A) gating followed by Zombie Aqua dye exclusion.  

CD3+CD4+CD8− cells and CD3+CD4−CD8+ cells were defined as CD4 and  CD8 T cells, 

separately; and (B) plasmablasts.  After live lymphocytes were selected as described 

above, total B cells were defined as both CD19- and/or CD20-expressing cells following 

CD3 (T lymphocytes) and CD14 (monocytes) exclusion. Plasmablasts were then 

identified as CD27hi/CD38hi cells.  The red boxes represent the gates used to capture 

each cell sub-population. 

 


